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SYNOPSIS*
A  laboratory study was made of the effects of crushed particles, 
both coarse and fine aggregate, on the stability of bituminous-aggregate 
mixtures. Crushed limestone and varying percentages of crushed and 
uncrushed gravel were used as the coarse aggregate while variation in 
the shape of the fine aggregate was obtained by using rounded natural 
sand and crushed-stone sand. These aggregates were used in three rep­
resentative bituminous mixes: a dense or surface mixture, an open or 
binder mixture, and an essentially one-size grading.
The asphalt content of each mixture was either determined by 
Corps of Engineers’ design procedure or was that normally used by the 
State Highway Department of Indiana. Asphalt of 60-70 penetration 
was used throughout the study. Triaxial specimens with varying per­
centages of crushed coarse aggregate and different fine aggregates were 
molded by the double-plunger compaction method. These specimens 
were tested in triaxial compression apparatus at different confining pres­
sures. Resulting data were evaluated in terms of M ohr’s theory of 
strength, assuming a straight line M ohr’s rupture envelope. All data 
were analyzed statistically and the following results were indicated.
With no variation in fine aggregate there was no significant differ­
ence in the strength, angle of internal friction and cohesion values for 
dense-graded mixtures with 0 and 100 per cent crushed gravel. A  defl-
* Reprints of the complete paper, appearing in the Highway Research 
Board Proceedings, 1954, may be secured from the Joint Highway Research 
Project, Purdue University. Since it has been printed elsewhere, it is omitted 
here in the interest of economy.
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nite, though small, increase in strength and cohesion in the open-graded 
mixtures was produced as the percentage of crushed particles was in­
creased from 0 to 55 per cent; however, there was no significant change 
in these values when larger amounts of crushed gravel were used. In 
contrast, the angle of internal friction value remained the same for all 
percentages of crushed coarse aggregate in the open grading.
As the amount of crushed gravel was varied from 0 to 100 per cent 
in the one-size grading, the strength and angle of internal friction values 
materially increased, while the value for cohesion remained relatively 
unchanged.
Regardless of the shape of the coarse-aggregate fraction, the 
strength and cohesion values of both the dense- and open-graded mix­
tures with crushed-stone sand were much greater than those obtained 
with natural sand. Both types of fine aggregate produced approximately 
the same angle of internal friction in the dense mixture; however, in 
the open-graded mixture the crushed-stone sand produced a slightly 
lower angle of internal friction than that produced by the natural sand.
The results of this study show that mixtures containing crushed- 
stone coarse aggregate produced greater strengths than the same mix­
tures with any percentage of crushed gravel. However, a change in the 
amount of crushed gravel in the coarse aggregate fraction materially 
affected mixture strength only in the one-size, very open mixtures. For 
dense-graded mixtures and graded mixtures of the binder type, mixture 
strength was affected little or none at all by varying the percentage of 
crushed gravel in the coarse-aggregate fraction. In these latter cases, 
much greater variation in strength was effected by changing the shape 
of the fine aggregate from natural sand to crushed-stone sand than by 
increasing the percentage of crushed gravel.
In evaluating these results and conclusions, it must be kept in mind 
that this investigation was solely a laboratory study, using only the tri- 
axial compression test and M ohr’s theory of strength for obtaining and 
analyzing the stability data. The results have not been checked by other 
tests nor correlated with field performance of these mixtures.
